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ABSTRACT: Ibogaine is an indole alkaloid that has been sug¬ 
gested to have potential efficacy for interrupting dependency on 
stimulant drugs. The K-opioid and serotonin 5-HT 3 systems may 
be involved in the action of ibogaine, related to their modulation 
of dopaminergic transmission. The K-opioid agonist U 62066 at¬ 
tenuated the in vitro stimulation-evoked efflux of tritium label 
from striatal tissue prelabeled with EH]dopamine. In mice pre¬ 
treated with ibogaine • HCI (40 mg/kg IP given 2 h prior or 2 x 40 
mg/kg and animals killed 18 h later), the inhibitory effect of U 
62066 on stimulation-evoked release of tritium was eliminated. 
The 5-HTj agonist phenylbiguanide had a biphasic effect on 
stimulation-evoked release of tritjum; at 10 6 M phenylbiguan¬ 
ide, stimulation-evoked release was attenuated. At 10 5 M the 
basal outflow of tritium was increased. Ibogaine pretreatment 
had no effect on basal or stimulation-evoked release in the pres¬ 
ence of 10 6 M phenylbiguanide, but increased the stimulation- 
evoked outflow of tritium in the presence of 10 5 M phenylbi¬ 
guanide. Cocaine (10 6 M), a dopamine uptake blocker, 
increased the electrically-evoked release of dopamine; ibogaine 
pretreatrnent did not affect the enhanced electrically-induced 
release of fHldopamine by in vitro cocaine. The effects of ibo¬ 
gaine on the K-opioid and 5-HT 3 receptors, located presynapti- 
cally on striatal dopamine terminals, modulating dopamine re¬ 
lease may partly underlie its putative antiaddictive properties. 

KEY WORDS: Key Words: Ibogaine, K-opioid receptor, U 62066, 
5-HT„ Phenylbiguanide, Dopamine, Cocaine. 


INTRODUCTION 

Ibogaine (Nlll 10567, Endabuse ,M ) is un indole alkaloid that has 
been shown to antagonize cocaine-induced locomotor stimula¬ 
tion 125), preference for cocaine consumption in C57BL/6By 
mice 1271, and cocaine-self-administration in rats |5|. Ibogaine 
lifts complex effects on neurotransmitter systems, affecting nor- 
"adrenergic [8], dopaminergic (16,25,26], cholinergic (20], and 
serotonergic receptors |28]. A recent radioligand screen con¬ 
ducted in bovine and rat brain tissue found the affinity of ibogaine 
to be in the pM range for the voltage-dependent sodium channel 
(|*H|BTX-B) and the K-opiate receptor (pH]U-69593 binding 
site) (7) Because it has been proposed that the x-opioid activity 
of ibogaine, on the basis of its affinity to the ('H|U-69593 binding 
site, may be responsible for its putative ami-addictive properties. 


we wanted to examine further the effect of ibogaine on K-opioid 
receptor modulation of dopamine release, and whether other re¬ 
ceptor sites are involved. 

Initial studies with ibogaine, noting its structural similarity to 
serotonin, support an interaction with this system. Our data, in¬ 
dicating effects of ibogaine on the serotonin system 125), suggest 
that this could be relevant in its antiaddiction action, possibly 
through modulating dopamine release. Studies of cocaine habit 
ualion found that the cocaine binding sile(s) associated with the 
dopamine and with the serotonin reuptake carriers |21| are in¬ 
volved in cocaine-induced locomotor activity, reward, and the 
reinforcing effects of cocaine. Recent studies indicate that pre- 
synaptic serotonin sites can modulate dopamine release; for ex¬ 
ample, serotonergic innervation of the anterior striatum may exert 
a lac dilatory inlluence on dopamine release |2,3|. (Tesynaplic 
mechanisms (inhibition of reuptake) may mediate the discrimi¬ 
native stimulus, in addition to the reinforcing ef fects of cocaine 
[131- Acute effects of ibogaine may be related to its action on the 
cytoplasmic pool of transmitter; for example, the stimulation of 
dopamine release, in the absence of Ca 21 , in the presence of 
inhibition of the voltage-sensitive Na‘ channels, and also in 
striata from reserpine-pretreated mice, would indicate release of 
transmitter primarily from the cytoplasmic pool |9|. Ibogaine’s 
effect may relate also to alteration of stimulant drug-induced re¬ 
lease of transmitter(dopamine). Ibogaine may alter the interac¬ 
tion and modulation of releasable pools of netiiotransmiIters |26| 
or alter modulation of dopamine release via interaction at other 
receptor sites, for example, the K-opioid and serotonin receptors 
that are located presynaptically on dopamine terminals in the 
striatum. 

Some interactions of these neurotransmitter systems, and their 
alteration by ibogaine, were examined in the present study, un¬ 
dertaken to determine whether ibogaine altered the K-opioid - and 
5-HTYinduced modulation of stimulation-evoked release of 
striatal dopamine. 

MATERIALS AND METHODS 

Materials 

Ibogaine HCI was purchased from Sigma Chemical Co. (St. 
Louis, MO). The kappa agonist (II 62066) and 5-1 IT, agonist 
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TABLE I 

HM IX I <>1 IBOGAINE I’RETREATMENT ON COCAINE, KAPPA-OPIOID, AND 5-IIT,-AGONIST.INDUCED 
MODULATION Ol STIMULATION-EVOKED RELEASE OP TRITIUM PROM STRIATAL 
TISSUE PRELABELED IN VITRO WITH I'll) DOPAMINE 


Agonist 

SI 

S3 


S2/S1 

Control 

2.55 > 0.22 

2.40 1 0.22 

0.94 

• 0 03 |6| 

Ibogaine <2 h) 

2.74 t. 0.31 

3.24 t 0.59 

1 14 

’- O.I2(5| 

Ibogaine IIX Ii) 

1 15 ' 0.15 

1.82 1 0.28 

1.25 

< 0 16 |6| 

Dopamine Uptake Blocker 





Cocaine (10 h M) 

1.37 ± 0 31 

2.86 ± 0.55 

2.40 

± 0.59 15 J ’ 

Ibogaine (2 h) + Cocaine (10 " M) 

2.04 ± 0.31 

3.78 ± 0.37 

2.02 

+ 0.27 |6| * 

Kappa Agonist 





U 62066 (10 " M) 

1.74 + 0.29 

0.84 + 0.17 

0.57 

± 0.09 |l 0| ' 

Ibogaine (2 Ii) ( II 62066 (10 " M) 

2.13 + 0.27 

1.75 ± 0.27 

0.00 

+ 0 13 |I0|I 

11 62066(10 “ M) 

185 * 0.27 

1.03 1 0,28 

0 60 

1 0.19 |6|< 

Ibogaine (IS h) + U (>2(H>b (10 h M) 

1.89 > 0.25 

2.02 + 0 20 

1.10 

2. 011 1611 

5-HT, Agonist 





Phenylbiguanide (10 r ’ M) 

2.59 ± 0.54 

1.40 ± 0.33 

0.55 

± 0,08 |6|* 

Ibogaine (2 h) \ Phenylbiguanide (10 f ’ M) 

2.74 • 0.65 

1.59 :t 0.47 

0 54 

* 0 12 161 1 


Mire weir In-aH-tl eilluT willi ibogainc MCI (10 111 j■ /L)IP) ami killi-il 2 Ii lain in ? times -10 ing/l.j’ ibogainc (0 
li apatl) ami killi-il IR Ii Lilt -1 Sliiala well- ilisseeleil ami imaihaled with | Tl|ilnpamim- Ini I h Allei a I h pie 
pei lie, inn lime, n-lease ul 11 ii in m was mea-.iiieil I lie le.-.ue was i.limulaletl e lee t lie ally iluiinp, (lie till (SI) ami I till 

I .’) I nl lei III III pel II III Aj'i IIII-.I-. well- ailili-il till! flip llle 1 Dili i I il lee I Ii ill anil If mail led III ill I I lie I-III I nl I lie e X pel i me lit 
Release was expiesseil a-, ilie liai liniial n-lea-.e, Im example, ns llle peieentape lelease nl lailinai'livity in ilie (issue 
al ilie lime Ilie lelease was iletei mined, and Ilie lalin nl haetinnal lelease ST over liaelinnal lelease SI t S 2/S I) was 
calculated. Values are means ± SLM (Student's ( test. ;> < 0.01 * versus control, f versus agonist drug control). 


phenylbiguanide were from Research Biochemicals Inc. (Natick, 
MA). 

Animals and Treatment With Ibogaine 

C57BL/CrBy adult male mice (25-30 g) were used. In the 
experimental group, mice were treated 2 h previously with ibo¬ 
gaine-HCI (40 mg/kg SC; Sigma Chemical Co., MO), or given 
two injections of ibogainc (40 mg/kg IP, spaced 6 h apart) and 
killed 18 h after the last injection. The mice were decapitated and 
striatal tissue was dissected and incubated for 60 min at 37°C in 
0.5 ml of Krebs-bicarbonate buffer (in mM: NaCl 118, KCI 4.7, 
CaCl 2 2.5, KH 2 P0 4 1.2, MgCl 2 1.2, NaHCO, 25, glucose 11.5, 
Na 2 EDTA 0.03, ascorbic acid 0.3; pH 7.4) containing 1.25 pCi 
l'H|dopumine (specific activity 26.7 Ci/mmol (Dupont, NEN). 
The reaction mixture was continuously gassed with an 0 2 /C0 2 
mixture (95%/5%). 

In Vitro Stimulation-evoked Release of ’ll labeled Outflow 

After prelabeling with [’HJdopamine, the tissue (whole stria¬ 
tum, one side, 5 mg wet weight) was transferred to a superfusion 
chamber (0.3-ml reaction chamber. Brandcl Superfusion 1200, 
MD) and pre-perfused at a rate of 0.4 ml/min for 60 min. Effluent 
was discarded during (his period and thereafter 4-min fractions 
were collected for an additional 80 min. Release was induced by 
electrical held stimulation (40 V, 2 Hz frequency, 2 ms impulse, 
duration 1 min) applied in the 3rd (1st stimulation, SI) and 13th 
(2nd stimulation, S2) collection periods. Cocaine (10 h M), the 
K-opioid agonist U 62066 (10' 6 M), or the 5-HT, agonist, phen¬ 
ylbiguanide (10 MO * M) was added starling with the 10th col¬ 
lection period for the remainder of the perfusion. The release of 
tritium was expressed as fractional release, as the percentage re¬ 
lease of the radioactivity content above base line in the tissue at 
the time the release was determined, and as the ratio of fractional 
release S2 over fractional release SI (S2/S1) was calculated. 


Since phenylbiguanide also increased resting (basal) release, data 
were given as means of the fractional release at each collection 
period. 

In previous studies |4,9.251. 1'Hldopamine was separated 
from its main 'H-labcled metabolites. Enhanced tritium efflux 
evoked by electrical stimulation was mainly due lo the increase 
in the outflow of [’HJdopamine. Nevertheless, for accuracy re¬ 
lease is expressed as ’H-labeled outflow. 

RESULTS 

Under control conditions, no drugs added in vitro, the S2/S 1 
ratio was 0.94 ± 0.03. Ibogaine pretreatment did not affect the 
stimulation-evoked release of tritium in the absence of drug in 
the perfusion fluid (Table !)• 

Effect of Ibogainc on Cocaine-induced Dopamine Outflow 

Cocaine increased the stimulation-evoked release of tritium 
(Table I). Ibogaine pretreatment did not alter the cocaine-induced 
response. 

Effect of Ibogaine on K-opioid Agonist fIJ 62066)-indttced 
Dopamine Outflow 

Striatal tissue were supervised continuously and stimulated 
two times with U 62066 present during (lie second stimulation, 
The k agonist U 62066 inhibited the stimulation-evoked release 
of tritium by approximately 40% (S2/S1. p < 0.01) (Table I)- 
No effect on basal release was observed. When the mice were 
first pretreated with ibogaine (2 or 18 h prior), Ihe effect of U 
62066 on stimulation-evoked release of tritium was abolished. 

Effect of Ibogaine on 5-HT, Agonist-induced Dopamine 
Outflow 

With 10 'M phenylbiguanide present during the second stim¬ 
ulation, no effect was seen on basal release. However,' stimuli 
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lion-evoked release of tritium was reduced by about 40% (S2/ 
SI, 0.01) (Table 1). In striata fioin lbogatne-pieiieuted mice, 
the reduction of evoked release of tritium by 10 6 M phenylbi- 
guanide was unchanged (Table I). 

At 10 S M phenylbiguanide, basal release of tritium was en¬ 
hanced (Fig I, upper panel—1 electrical stimulation), with no 
effect on stimulation-evoked release (data not shown). Ibogaine 
pretreatment had no effect on the increase in basal release (upper 
panel without stimulation). The stimulation evoked release of 
tritium from ibogaine preheated striata was increased and pro 
longed (Fig I, lower panel). 

DISCUSSION 

This study further investigated the mechanism of action of 
ibogaine related to its attenuation of behavioral responses to co¬ 
caine administration. Based on iboguine’s affinity to the x-opioid 
receptors and similarity to serotonin, to cocaine’s action on dop¬ 
amine reuptake blockade, and to x-opioid and serotonin 
modulation of dopamine release, the effect of ibogaine on their 
pivsynapltc modulation of dopamine release was examined in 
striatal tissue utilizing in vitro perfusion electrically-evoked re¬ 
lease techniques 

Ibogaine itself shows weak affinity to the dopamine trans¬ 
porter site in striatal tissue labeled with |'H)WIN 35, 248 (co¬ 
caine analog) or I'HjGBR-12935, and ibogaine did not alter 
| * 111W1N 35, 248 binding after prior treatment in vivo [25|. 
Consonant with the lack of effect of ibogaine on the dopamine 
transporter was the absence of an effect of ibogaine on the en¬ 
hancement of electrically-induced |'H]dopamitte release by in 
yitro cocaine (10 pM). This does not necessarily imply that the 
release process was not affected, since decreased uptake of 
t'l l|dopaniinc has been observed in the striatum after repealed 
treatment with amphetamine 130] in the absence of changes in 
J])1JGBR-I2935 binding 111 Ibogaine added acutely in vitro has 
been shown to release dopamine, primarily from the cytoplasmic 
pool |9j. These acute effects may relate to the hallucinogenic 
action of ibogaine. The present study therefore examined the ad¬ 
dition of ibogaine in vivo to evaluate both its long-term action 
and characterize its possible action at other sites. Since ibogaine 
pretreatment did not influence the stimulated dopamine release 
in the presence of cocaine, it is likely that the dopamine uptake 
blockade by cocaine was not affected by ibogaine. This would 
suggest an action of ibogaine and cocaine at other sites in addi¬ 
tion to the reuptake transporter. Release of dopamine under con¬ 
trol conditions was not influenced by pretrealment with ibogaine, 
suggesting also that the action of ibogaine must act on some 
modulatory site that will show a response only after activation 
with, for example, with stimulant drugs. 

Further complicating the understanding of the mechanism of 
action of ibogaine, we showed that ibogaine was able to attenuate 
the locomotor stimulation in mice induced by cocaine [25], pref¬ 
erence for cocaine consumption [27], and to attenuate or stimu¬ 
late the locomotor activity induced by amphetamine in mice and 
rats, respectively [26], These behavioral differences may relate 
to the strain dependent alteration by ibogaine of the stimulation- 
evoked release of [’Hjdopamine induced by amphetamine, with 
stimulation-evoked release attenuated in mice and increased in 
rats. 

It has been shown that inhibitory x-opioid receptors are lo¬ 
cated presynaptically on dopamine terminals and can modulate 
transmitter release [ 12,17]. The stimulation-evoked tritium over¬ 
flow from slices prcloadcd with | il|dopai!>inc was significantly 
reduced by the x-ugonisl U-50,488, but not by p- or 6-opioid 
receptor selective drugs [17), The x agonist U-69593 was also 


o Control (A) 



0 4 8 12 16 20 

Fraction Number 

FIG I Effect of ibogaine on phenylbiguanidc-induced changes in basal 
and stimulation-evoked release of tritium from striatal tissue prelabeled 
with ['Hldopamine. In the upper panel (A) the tissue was stimulated 
electrically (40 volts, 2 Hz, 2 ms pulse duration for I min) at the 3rd 
collection period. Phenylbiguanide (It) 5 M) was added during the Kith 
collection period and remained until the end of the experiment. Solid 
circles represent tissue from ibogaine-pretreated mice (40 mg/kg IP, 2 h 
prior to killing). In the lower panel (If), two electrical stimulations were 
given. Phenylbiguanide was added as above. Values are the mean ± SEM 
of fractional release for each collection period (mean average of fractions 
13 to 20 for control (4.54 ± 0.12) versus ibogaine treated (5.58 ± 0.24), 
p < 0.01, n = 8). 


shown to attenuate cocaine-induced behavioral sensitization [ 10[, 
and the agonist U50-488M may he involved in cocaine induced 
conditioned place preference |29|. In the present study, the x 
agonist U 62066 like U50488 reduced .stimulation-evoked release 
of dopamine. Kappa agonists may decrease the effects of cocaine 
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by restricting cocaine's ability to enhance dopaminergic trans¬ 
mission |1()|. Kappa receptors appear to mediate inhibition of 
evoked | ‘H|(Jopaniine release from nucleus aceutnbens via a de¬ 
crease in Ca ' conductance, an ef fect that may be modulated by 
ibogaine via its affinity to the kappa receptor. Activation of p 
and 6 opioid receptors enhance K‘ conductance resulting in in¬ 
hibition of | Tl|ACh release 11 11. The lack of effect of the kappa 
agonist on dopamine release after ibogaine pretreatment may re¬ 
late to loss of modulatory or feedback control of dopamine re¬ 
lease via this system. 

Additionally, ibogaine has structural similarities to serotonin 
and in particular to 5-IIT, antagonists. The 5-1 IT, system also 
has a modulatory role in dopaminergic activity. Recent studies 
indicate that presynaptic serotonin sites can modulate dopamine 
release: for example, serotonergic innervation of the anterior 
striatum may exert a facilitatory influence on dopamine release 
121. Presynaptic mechanisms (inhibition of reuptake) may me¬ 
diate the discriminative stimulus, in addition to the reinforcing 
ef fects of cocaine (131. 

Effects of ibogaine vary regionally; ibogaine (40 mg/kg) de¬ 
creased tire extracellular level of DA in nucleus aecumbens and 
striatum and increased it in the prefrontal cortex |15). Long and 
Lerrin 114) have shown that ibogaine is a reversible competitive 
inhibitor of the active transport of serotonin into blood platelets 
similar to cocaine, amphetamine, and imipramine. Potentiation 
of the hexobarbital hypnosis produced by serotonin and rcscrpinc 
was blocked by ibogaine |23|. 

flic dopamine releasing cllcct of 5 111, agonists Iras been 
suggested to be due to their action at the site of 5-IIT transport 
into dopaminergic terminals, rather than to activation of 5-IIT, 
receptors 14,A 11 and release of vesicular dopamine into the cy¬ 
toplasmic pool |4). The effect of phenylbiguanide at 10 5 M on 
basal release of tritium may occur through a similar mechanism. 
The attenuation of stimulation-evoked release at lower concen¬ 
trations (10 * M), not reported by others, suggests a multiphasic 
ntode of action. A bell-shaped dose-response curve has been re¬ 
ported for (he attenuating effects of 5-HT, antagonists {61. The 
role of the serotonin system becomes more apparent when the 
dopamine system is activated [ 18J. Similarly, differences in re¬ 
sponse to the 5-IIT, agonist after ibogaine treatment were seen 
when the dopamine system was activated hy electrical stimula¬ 
tion. 

A number of neurotransmitter systems interact and function 
to modulate transmitter release; for example, the kappa and 5- 
HT receptors can modulate dopamine release. It was reported that 
kappa agonists |1()| and 5-HT, antagonists (21,24] (or other 5- 
HT subtypes may be involved |I9|) attenuate cocaine and am¬ 
phetamine responses, suggesting that the modulation (feedback 
control) of these system can alter dopamine responses and can 
also be involved in the action of drugs of abuse. We think that 
ibogaine may alter cocaine responses, by interacting with 5-HT, 
and kappa receptor sites, thus altering subsequent dopaminergic 
responses to drugs of abuse. Alternatively, ibogaine may act on 
the kappa-opioid and serotonin receptors located presynaptically 
on striatal dopamine terminal altering their responsiveness, and 

subsequently modulation of dopamine release, flow ibogaine ef¬ 
fects the kappa and 5-HT, receptor sites is not known, although 
it has affinity to these sites 17,281. The effects are long lasting, 
which also agrees with our behavioral studies. Whether the effect 
of ibogaine is also related to changes in the releasable pools of 
dopamine to stimulant drugs needs further study. 

A number of studies showed that neurotransmitter systems 
interact and regulate each other’s function. Although many of the 
locomotor stimulant effects of drugs are thought to be mediated 
via dopamine release, and several hypotheses associated the do 


paminergic system with the reinforcing ef fects of drugs, it is hit 
portant to recognize that many neurotransmitter systems interact 
to produce their effects, and this should be considered in the long- 
term evaluation of the mechanism of action of ibogaine. As 
shown here, long-term ibogaine effects on the serotonergic and 
kappa-opioid receptor systems may underlie its modulation of 
stimulant drug-induced changes in dopaminergic receptot time 
tioning. The understanding of the neurotransmitter system and 
its relationship to behavior will require understanding these in¬ 
teractions and their functional consequences, which also has tel 
evanee to the action of ibogaine in antagonizing drug abuse 
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